Background. The epithelial mesenchymal transition (EMT) plays an important regulatory role in obstructive nephropathy and renal fibrosis. As an intracellular energy receptor, AMP-activated protein kinase (AMPK) is essential in the process of the EMT. The aim of this study was to reveal changes in the expression of AMPKα2 and to elucidate which AMPKα2 genes play a role during the EMT. Methods. In this study, TGF-β1 was used to induce the EMT in normal rat renal tubular epithelial (NRK-52E) cells. The shAMPKα2 lentivirus was used to interfere with AMPKα2 expression in EMT-derived NRK-52E cells, where AMPKα2 expression and the EMT were detected. Differential gene expression after the AMPKα2 knockout in EMT-derived NRK-52E cells was examined using a gene microarray. Possible regulatory pathways were analyzed using ingenuity pathway analysis (IPA) and differentially expressed genes were partially verified by quantitative real-time polymerase chain reaction (qRT-PCR) and western blotting. Results. It was found that AMPKα2 was upregulated in TGF-β1-induced EMT-derived NRK-52E cells. The EMT progression was significantly inhibited after the expression of AMPKα2 was downregulated by the shAMPKα2 lentivirus. A total of 1,588 differentially expressed genes were detected after the AMPKα2 knockout in NRK-52E cells in which EMT occurred. The ERK/MAPK pathway was significantly inhibited after the AMPKα2 knockdown, as indicated by the IPA analysis. Furthermore, qRT-PCR and western blot results revealed that the expression of AMPKα2, vets erythroblastosis virus E26 oncogene homolog-1 (ETS1), and ribosomal protein S6 kinase A1 (RPS6KA1) was upregulated after the EMT in NRK-52E cells, while expression of ETS1 and RPS6KA1 was downregulated after the AMPKα2 knockout. Conclusions. AMPKα2 plays an important role in the regulation of rat renal tubular EMT, which may be achieved by modulating ETS1 and RPS6KA1 in the ERK/MAPK pathway. PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27992v1 | CC BY 4.0 Open Access | recAbstract 41 Background. The epithelial mesenchymal transition (EMT) plays an important regulatory 42 role in obstructive nephropathy and renal fibrosis. As an intracellular energy receptor, AMP-43 activated protein kinase (AMPK) is essential in the process of the EMT. The aim of this study 44 was to reveal changes in the expression of AMPKα2 and to elucidate which AMPKα2 genes play 45 a role during the EMT.
1 Knockdown of AMP-activated protein kinase α2 affects the epithelial-mesenchymal 2 transition in rat renal tubular epithelial cells by downregulating v-ets erythroblastosis 3 virus E26 oncogene homolog-1 and ribosomal protein S6 kinase A1 Puisieux et al. 2014 ). The EMT 73 is involved in many pathological changes, including fibrosis and tumor metastasis (Bronsert et 74 al. 2014; Liu 2011) . The transforming growth factor-β (TGF-β) signaling pathway plays an 75 important role in regulation of renal fibrosis (Kim & Choi 2012) . TGF-β1 expression is 76 significantly upregulated in the process of renal fibrosis caused by unilateral ureteral obstruction 77 (Zhang et al. 2010 ).
78
AMP-activated protein kinase (AMPK), including α1/2, β1/2, and γ1/2/3 subunits, is a 79 mitochondrial energy receptor that senses changes in cellular metabolism. AMPK is involved in 80 the maintenance of cellular energy balance by affecting multiple factors during metabolism (Jeon 81 2016). Increased intracellular ratio of AMP to ATP activates AMPK, while AMP binds to the 82 AMPK γ subunit, causing conformational changes in the protein and allowing phosphorylation 83 of the Thr-172 site in the α subunit (Hawley et al. 2003 In this study, the expression of AMPKα2 in EMT-derived normal rat renal tubular epithelial 88 (NRK-52E) cells induced by TGF-β1 was investigated. Gene microarray was used to analyze 89 differential gene expression in EMT-derived NRK-52E cells before and after the AMPKα2 90 knockout. Ingenuity pathway analysis (IPA) was performed to reveal specific genes and 91 signaling pathways involved in the regulation of the EMT by AMPKα2. Finally, quantitative 92 real-time polymerase chain reaction (qRT-PCR) and western blotting were used to verify the 93 prediction results. (Table 1) . PCR reactions were performed using the following cycling conditions: 95°C for 30 s, 146 followed by 40 cycles of 95°C for 5 s, 60°C for 30 s, and 72°C for 20 s. To investigate the expression of differential genes in the EMT-derived NRK-52E cells before 293 and after the AMPKα2 knockout, high-throughput analysis was used. According to the gene chip 294 and IPA results, genes in the ERK/MAPK pathway were strongly inhibited after the AMPKα2 295 down-regulation, indicating that AMPKα2 modulates renal tubular EMT by inhibiting the 296 ERK/MAPK pathway. Five genes that were strongly inhibited in the ERK/MAPK pathway, 297 including HRAS, CRK, ETS1, RPS6KA1, and CREB1, were selected for validation. Using qRT-298 PCR, ETS1 and RPS6KA1 were found to be highly expressed in the EMT-derived NRK-52E 299 cells. ETS1 and RPS6KA1 gene expression was decreased after the AMPKα2 knockout, which is 300 consistent with the microarray results, indicating that AMPKα2 KD inhibits EMT by 301 downregulating the ETS1 and RPS6KA1 genes. However, HRAS, CRK, and CREB1 302 verification results may not be consistent with the microarray results. This may be due to the 303 differences between chip arrays and instability between the samples. Results similar to the gene 304 chip may be obtained if the sample size is increased. In summary, AMPKα2 plays an important regulatory role in the rat renal tubular EMT and this 325 regulation may be achieved by modulating ETS1 and RPS6KA1 in the ERK/MAPK pathway. 326 However, specific AMPKα2 regulation of ETS1 and RPS6KA1 requires further study.
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